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Seasonal Variation in Weight-Length Relationships 
of Largemouth Bass in a 3-Hectare Reservoir1 
MICHAEL J. VanDenAVYLE2 and KENNETH D. CARLANDER 
VANDENAVYLE, MICHAEL J. AND KENNETH 0. CARLANDER 
(Department of Animal Ecology, Iowa State University, Ames , Iowa 50011) . 
Seasonal variation in weight-length relationships of largemouth bass in a 
3-hectare reservoir. Proc. Iowa Acad. Sci . 84 (1):35-38 , 1977. 
Lengths and weights of age 0, I, and II largemouth bass were collected during 
two growing seasons to evaluate seasonal trends in weight-length relationships. 
Average K(TL) declined significantly between August 1971 and April 1972, but 
significant growth in length occurred during the interval. In 1972, K(TL) 
increased from April to July and remained high into November. Condition was 
Most published weight-length relationships for largemouth bass 
have disregarded seasonal trends . Predictions of weight from length 
and comparisons of condition between habitats, years , or age groups 
can be biased if the weight-length relationship changes significantly 
within a sampling interval. Bennett et al. (1940) , Buck and Thoits 
(1970), and Cooper et al. (1963) reported that largemouth bass 
condition varied substantially within a growing season, indicating that 
computations of weight-length regressions or average condition from 
data pooled over the growing season would not have represented the 
populations at any single time during the year. This paper reports 
short-term and annual variations in condition of age 0 , I, II largemouth 
bass collected from a 3-ha Iowa reservoir during two growing seasons 
and discusses factors influencing interpretation of condition factors and 
weight-length regressions. 
The study was conducted in McFarland Lake (S'li Sec . 7 , T84N, 
R23W) , Story County, Iowa. It is a narrow reservoir that exhibited 
stable thermal and chemical stratification during the summer, when 
di sso lved oxygen was absent below 3.0 m . Mean depth is 
approximately 2.3 m. 
METHODS 
In July and August, 1971, and from April through November, 1972, 
bass were collected from the shoreline with a 230 volt AC boom 
electroshocking unit. Weights in grams and total lengths in mm were 
measured and the fish were re leased after marking . Data from 
recaptures of bass marked with monel metal jaw tags in 1971 were 
deleted from further analyses because the tags interfered with growth 
(VanDenAvyle 1973) . Fish were aged by examination of magnified 
scale impressions . 
Coefficients of condition, K(TL), were calculated as 105 times the 
weight in grams divided by total length cubed. Monthly relationships 
between K(TL) and length of age 0 , I, and II bass were evaluated by 
computing linear least- squares regressions of log weight on log length, 
where the slope (b) served as a measure of changes in body form versus 
'Journal Paper No. J-7979 of the Iowa Agriculture and Home Economics 
Experiment Station, Ames, Iowa, Project No . 1767; Iowa Cooperative Fishery 
Research Unit, sponsored by the Iowa State Conservation Commission, Iowa 
State University of Science and Technology, and the Fish and Wildlife Service, 
U.S. Department of the Interior. 
2Present address: Wildlife and Fisheries Sciences Dept. , Texas A&M Univ . , 
College Station, TX . 77843 . 
better in 1972 than in 1971 when the population density was greater. 
Monthly estimates of the coefficient of condition, K(TL) , and weight-length 
regressions were both required to interpret seasonal changes. Weight-length 
regressions calculated over longer collection periods in which K(TL) changed 
significantly generally did not represent the populations. Average K(TL) 
provided meaningful comparisons of condition o nly when monthly 
weight-length regressions indicated isometric growth . 
INDEX D ESCR IPTORS : Largemouth bass, Micropterus salmoides , 
Weight-length relationship, Condition factor. 
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Figure I. Mean coefficients of condition, K (TL).for 1970, 1971 , and 
1972 year-class largemouth bass in McFarland Lake in 
1971 and 1972 . Vertical bars indicate±2 sample standard 
errors and the number of specimens in each sample is indi-
cated . 
length . If growth is isometric, (b= 3 .0) , there is no significant change in 
body form or specific gravity over the length range used in the 
computation (Carlander 1969) . 
Some consequences of pooling data over time for each age group 
were examined by comparing parameters of weight-length regressions 
computed for seasonal and annual periods with the corresponding 
monthly values . The term "significant" is used in the paper only when 
a statistical test indicated significance at,;; 0.05 . 
Seasonal Trends 
Average K(TL) declined significantly between August 1971 and 
April 1972 (Figure I), however, mean lengths increased significantly 
during the same period (Table 1 ). In 1972, average K(TL) for age I and 
II bass increased from April through July and remained high until 
November (Figure I). Although condition apparently improved within 
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3 6  P R O C .  I O W A  A C A D .  S C I .  8 4  ( 1 9 7 7 )  
T a b l e  1 .  L o g  l e n g t h - l o g  w e i g h t  r e g r e s s i o n  e q u a t i o n s  f o r  l a r g e m o u t h  b a s s  i n  M c F a r l a n d ' s  L a k e ,  b y  m o n t h  a n d  a g e  g r o u p .  
M e a n  t o t a l  N u m b e r  o f  
9 5 %  c o n f i d e n c e  
l e n g t h  i n  m m  f i s h
1  
3 2  b 2  
i n t e r v a l s  f o r  b  
A g e  0  
A u g .  1 9 7 1  
9 4  8 9  
- 5 . 9 3 4  3 . 5 1 6 *  
3 . 1 8 4 - 3 . 8 4 9  
A u g .  1 9 7 2  
1 0 0  8  - 5 . 6 7 8  
3 . 4 0 6  2 . 8 7 7 - 3 . 9 3 6  
S e p t .  1 9 7 2  
1 2 1  
1 5  - 5 . 9 9 5  3 . 5 3 7  
2 . 3 3 6 - 4 . 7 3 8  
N o v .  1 9 7 2  
1 3 0  
3  
- 6 . 5 7 8  
3 . 7 8 3  
- 5 . 8 3 - 1 3 . 4 0  
A g e  I  
A p r i l  1 9 7 2  
1 1 6  4 0  - 6 . 0 7 7  3 . 5 1 6  2 . 8 4 8 - 4 . 1 8 5  
M a y  1 9 7 2  
1 1 5  1 4  - 4 . 7 2 2  
2 . 8 6 9  2 . 1 3 5 - 3 . 6 0 4  
J u n e  1 9 7 2  
1 2 8  
8 1  
- 5 . 6 1 1  3  . 3 5 0 *  
3  . 0 4 2 - 3  . 6 5 8  
J u l y  1 9 7 1  
1 5 7  1 2 9  - 5 . 1 3 1  
3 . 0 9 9  
2 . 9 3 5 - 3 . 2 6 2  
J u l y  1 9 7 2  
1 4 5  2 4  - 5 . 6 0 2  
3 . 3 4 6  
2 . 9 4 4 - 3 . 7 4 7  
A u g .  1 9 7 1  
1 7 3  1 4 5  - 5 . 1 9 3  3 . 1 2 0  2 . 9 7 4 - 3 . 2 6 7  
A u g .  1 9 7 2  
1 7 6  
4 5  - 4 . 3 9 1  
2 . 7 9 6  2 . 1 0 1 - 3 . 4 9 0  
S e p t .  1 9 7 2  
2 0 0  1 6  
- 4 . 2 1 0  
2 . 7 1 1  1 . 7 6 1 - 3 . 6 6 0  
O c t .  1 9 7 2  
1 9 2  
4  - 4 . 1 0 8  
2 . 6 8 3  0 . 6 2 5 - 4 . 7 4 2  
N o v .  1 9 7 2  
2 1 0  1 5  
- 4 . 4 1 7  
2 . 8 2 4  
2 . 1 6 1 - 3 . 4 8 8  
A g e  I I  
A p r i l  1 9 7 2  
2 0 1  9 1  
- 5 . 9 1 7  
3 . 4 2 0 *  3 . 1 9 2 - 3 . 6 4 7  
M a y  1 9 7 2  
1 9 9  1 6 3  - 5 . 5 6 2  
3 . 2 7 7 *  
3 . 1 2 4 - 3 . 4 2 9  
J u n e  1 9 7 2  
1 9 9  8 7  
- 5 . 4 3 7  
3 . 2 3 4  2 . 8 9 4 - 3 . 5 7 4  
J u l y  1 9 7 2  
2 1 7  
1 1  
- 4 . 1 2 1  
2 . 6 7 5  1 . 7 2 9 - 3 . 6 2 2  
A u g .  1 9 7 2  
2 3 5  
2 2  
- 6 . 2 7 6  3 . 6 0 7 *  
3 . 1 6 5 - 4 . 0 5 0  
S e p t .  1 9 7 2  
2 4 8  
1 8  
- 3 . 9 7 5  2 . 6 3 4  
2 . 2 0 3 - 3 . 0 6 6  
O c t .  - N o v .  1 9 7 2  
2 7 7  
7  
- 3 . 2 0 2  
2 . 3 1 8  0 . 3 8 9 - 4 . 2 4 7  
1  
I n  s o m e  c a s e s ,  t h e  n u m b e r  o f  f i s h  t o  d e t e r m i n e  m e a n  l e n g t h  w a s  g r e a t e r  t h a n  t h e  n u m b e r ,  g i v e n  h e r e ,  u s e d  t o  d e t e r m i n e  t h e  r e g r e s s i o n  e q u a t i o n .  
2  
L o g  w e i g h t  =  a  +  b  l o g  t o t a l  l e n g t h .  
•  U s i n g  b a s e  I O  l o g a r i t h m s ,  b  v a l u e  d i f f e r s  f r o m  3 . 0  a t  t h e  9 5 %  c o n f i d e n c e  l e v e l .  
t h i s  p e r i o d ,  d i r e c t  c o m p a r i s o n s  o f  K ( T L )  o v e r  t i m e  m a y  b e  e r r o n e o u s  
b e c a u s e  a v e r a g e  l e n g t h s  a l s o  i n c r e a s e d  ( T a b l e  I ) .  C o n d i t i o n  f a c t o r s  
f r o m  f i s h  o f  d i f f e r e n t  l e n g t h s  s h o u l d  n o t  b e  c o m p a r e d  e x c e p t  w i t h  
i s o m e t r i c  g r o w t h  ( L e C r e n  1 9 5 1 ) .  
A g e - s p e c i f i c  w e i g h t - l e n g t h  r e g r e s s i o n s  w e r e  c a l c u l a t e d  f o r  m o n t h l y  
c o l l e c t i o n s  i n  1 9 7 1  a n d  1 9 7 2  t o  d e t e r m i n e  i f  g r o w t h  w a s  i s o m e t r i c  
t h r o u g h o u t  t h e  s t u d y  ( T a b l e  1 ) .  F i v e  o f  t h e  2 2  r e g r e s s i o n s  h a d  s l o p e s  
s i g n i f i c a n t l y  g r e a t e r  t h a n  3  . 0 ,  b u t  n o n e  w a s  s i g n i f i c a n t l y  l e s s .  O n l y  o n e  
s l o p e  f o r  a g e  I  b a s s  i n  1 9 7 2  w a s  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  3  . 0 ,  
i n d i c a t i n g  l i t t l e  d e v i a t i o n  f r o m  i s o m e t r i c  g r o w t h
2  
f o r  t h i s  g r o u p  a n d  t h a t  
t h e  1 9 7 2  t r e n d  o f  K ( T L )  w a s  n o t  a n  a r t i f a c t  o f  g r o w t h  i n  l e n g t h  a l o n e .  
W e i g h t - l e n g t h  r e g r e s s i o n s  f o r  a g e  I I  f i s h  i n  A p r i l  a n d  M a y  1 9 7 2  h a d  
s l o p e s  s i g n i f i c a n t l y  g r e a t e r  t h a n  3 . 0  ( T a b l e  ! ) ,  i n d i c a t i n g  t h a t  l o n g e r  
i n d i v i d u a l s  w e r e  p l u m p e r  t h a n  s h o r t e r  m e m b e r s  o f  t h e  s a m e  a g e  g r o u p  
d u r i n g  t h e s e  m o n t h s .  A l t h o u g h  m e a n  l e n g t h  o f  t h e  a g e  I I  f i s h  d i d  n o t  
s i g n i f i c a n t l y  i n c r e a s e  b e t w e e n  A p r i l  a n d  J u n e  1 9 7 2  ( T a b l e  I ) ,  a v e r a g e  
K ( T L )  c o n s i s t e n t l y  i n c r e a s e d  a n d  w e i g h t - l e n g t h  r e g r e s s i o n  s l o p e s  
2
1 n  a n  a g e - s p e c i f i c  r e g r e s s i o n  b a s e d  o n  f i s h  c o l l e c t e d  o v e r  a  r e l a t i v e l y  
s h o r t  t i m e ,  t h e  r e g r e s s i o n  s l o p e  i s  a  f u n c t i o n  o f  t h e  d i f f e r e n c e  b e t w e e n  
s l o w  g r o w i n g  a n d  f a s t e r  g r o w i n g  i n d i v i d u a l s  r a t h e r  t h a n  r e p r e s e n t i n g  
t h e  g r o w t h  o f  i n d i v i d u a l s .  
d e c l i n e d  d u r i n g  t h e  i n t e r v a l .  T h e  r e l a t i v e  w e i g h t  g a i n s  b y  s m a l l e r  a g e  I I  
i n d i v i d u a l s  w e r e  m o r e  r a p i d  t h a n  b y  l a r g e r  m e m b e r s  d u r i n g  t h i s  p a r t  o f  
t h e  g r o w i n g  s e a s o n .  A f t e r  J u l y  1 9 7 2 ,  b o t h  m e a n  l e n g t h  a n d  a v e r a g e  
K ( T L )  o f  a g e  I I  b a s s  i n c r e a s e d .  
S i n c e  s a m p l e  s i z e s  a r e  s m a l l ,  i t  i s  d i f f i c u l t  t o  s a y  w h e t h e r  t h e  i n c r e a s e  
i n  K ( T L )  i s  a s s o c i a t e d  o n l y  w i t h  i n c r e a s e  i n  l e n g t h  o r  i n d i c a t e s  
i m p r o v e d  c o n d i t i o n .  A l l  s l o p e s  f o r  b o t h  A g e  I  a n d  I I  b a s s  i n  S e p t e m b e r  
t o  N o v e m b e r  a r e  b e l o w  3 . 0 ,  a l t h o u g h  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  
w h i c h  s u g g e s t s  g r e a t e r  g r o w t h  i n  w e i g h t  f o r  t h e  s h o r t e r  i n d i v i d u a l s .  
A n n u a l  C o m p a r i s o n s  
A v e r a g e  K ( T L )  o f  a g e  O  a n d  I  b a s s  w a s  h i g h e r  d u r i n g  J u l y  a n d  
A u g u s t  1 9 7 2  t h a n  d u r i n g  t h e  s a m e  p e r i o d s  i n  1 9 7 1  ( F i g u r e  I ) .  F o r  t h e  
a g e  O  f i s h ,  h o w e v e r ,  t h e  d i f f e r e n c e  w a s  n o t  s i g n i f i c a n t .  M e a n  l e n g t h s  
a n d  r e g r e s s i o n  s l o p e s  w e r e  s i m i l a r  b e t w e e n  y e a r s  ( T a b l e  I ) ,  i n d i c a t i n g  
d i r e c t  c o m p a r i s o n s  o f  a v e r a g e  K ( T L )  t o  b e  a p p r o p r i a t e  m e a s u r e s  o f  
a n n u a l  d i f f e r e n c e s  i n  c o n d i t i o n .  T h e  p o p u l a t i o n  d e n s i t y  o f  a g e  I  b a s s  
w a s  a p p r o x i m a t e l y  4 0 0 / h a  i n  1 9 7 1  v e r s u s  1 5 0 / h a  i n  1 9 7 2  
( V a n D e n A v y l e  1 9 7 3 ) .  
E f f e c t s  o f  P o o l i n g  D a t a  O v e r  T i m e  
D a t a  w i t h i n  e a c h  y e a r  a n d  a g e  g r o u p  w e r e  p o o l e d  a n d  r e g r e s s i o n s  
w e r e  c o m p u t e d  f o r  p e r i o d s  a p p r o x i m a t i n g  s p r i n g ,  s u m m e r ,  a n d  f a l l  i n  
2
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Table 2. Log length-log weight regression equations for largemouth 
bass in McFarland's Lake, by season and age group. 
Number of 95% confidence 
fish a b interval for b 
Age 0 
July-Aug. 1971 89 - 5.934 3.516* 3.184-3.849 
Aug .-Nov. 1972 26 - 5.307 3.211 2.850-3.572 
Age I 
April -June 1972 135 - 7. 145 4.057* 3.781-4.333 
July-Aug . 1972 69 - 4 .992 3.064 2.905-3 .222 
July-Aug. 1971 274 - 5.010 3.041 2.939-3.143 
Sept.-Nov. 1972 35 - 4.921 3.031 2.542-3.520 
Age II 
April-June 1972 341 - 5.594 3.290* 3. 158-3.430 
July-Aug. 1972 33 - 6. 111 3.535* 3. 145-3 .925 
Sept.-Nov. 1972 25 - 3.936 2.619 2.204-3.035 
Iowa (Table 2). Slopes of the resulting composite regressions usually 
fell within the 95% confidence intervals of the corresponding monthly 
regressions , however, slopes of the seasonal regressions were not 
predictable from the monthly calculations when average K(TL) 
changed appreciably between months . When K(TL) declined within a 
season , slopes of the composite regressions were lower than the 
monthly values (age 0, August-November 1972; age I, July-August 
1971), and when K(TL) increased within a season, the composite 
slopes were higher than monthly values (age I, April-June 1972; age I, 
September-November 1972) . The unusually high b of 4 .057 for the age 
I fish in April-June 1972 particularly illustrates the influence of 
changing K(TL) during the computation interval. Longer fish in this 
regression were collected in June when K(TL) increased significantly 
(Figure I). The 95% confidence interval about this slope (3 . 781-4 .333) 
did not include any of the corresponding monthly slopes and, 
consequently, this seasonal regression did not represent the population 
at any single time during the April-June sampling interval. 
The seasonal regression estimates for age II bass in 1972 (Table 2) 
fell within the ranges of the slopes of the monthly regressions even 
though K(TL) steadily increased during the spring and summer. The 
rate of change of K(TL) for this age group was less than that observed 
for the age I fish (Figure I), and sample sizes during summer and fall 
were too low to detect any potential influence of changing body form on 
the composite weight-length regressions. The monthly age-specific 
regressions describe the weight-length relationships of both slower 
versus faster growing individuals, whereas the longer term regressions 
also include the changes with growth of the individuals. 
DISCUSSION 
Previous publications have indicated no consistent seasonal pattern 
of condition for young largemouth bass. Bennett et al. ( 1940) reported 
that the condition factor of yearling bass in Fork Lake , Illinois , 
gradually declined from April to November. In three Illinois ponds, 
condition factors improved from spring to late July and fluctuated 
thereafter in a pattern similar to that observed in this study (Buck and 
Thoits 1970) . Causes of annual or seasonal trends of condition often 
have been attributed to differences in growth rate and food availability . 
When an extensive die-off of aquatic plants permitted bass to feed more 
readily on small fish , average K increased from 1.39 in August to 1.68 
in October in an Illinois reservoir (Bennet 1948 , 1971 ). Cooper et al. 
( 1963) found that seasonality and magnitude of K of yearling bass were 
related to growth rate and population size. During a year of rapid 
growth and low yearling abundance, K was highest in July ( 1.05-1 .50); 
but in a year of slower growth and high abundance, K was highest in 
May ( 1.14-1.32) . Mean length also differed between the two years , so 
the higher K in the year of rapid growth may have been due to the usual 
changes in body form with increased length as well as den si ty 
dependent factors . Largemouth bass weight-length regressions usually 
have slopes above 3.0 (Carlander 1977) . Our study indicated that 
condition was inversely related to population density even though 
lengths were not affected . 
Estimates of K(TL) , and weight-length regressions were both 
required during the same periods to fully interpret seasonal trends in 
condition of young largemouth bass. Weight-length regressions for age 
I fish suggested isometric growth during most months, indicating that 
K(TL) was a meaningful index of condition throughout the 1972 
growing season. Regressions also indicated that average K(TL) for age 
I I bass in 1972 did not reflect changes in condition of all members of the 
group, but resulted from a more rapid weight gain by smaller 
individuals in combination with changing body form within the 200 
mm to 280 mm length range. 
Comparison of seasonal and monthly weight-length regressions 
showed that computations covering long time periods were subject to 
error when body form changed during the sampling interval. Analyses 
for these influences should precede development of generalized or 
pooled weight-length regressions to be used for analytical or predictive 
purposes in population studies . 
The use of the relative condition factor of LeCren ( 1951) to correct 
body length change would be invalid since the regression slopes differ 
for various periods and the slope for the combined data is not 
representative for any time period. 
Ricker (I 973 , 1975) indicated that functional regressions may be 
better than the predictive regres sions used in this paper for 
weight-length analysis. Functional regression slopes were 0.042 to 
0.549 higher than the predictive regression slopes in Table I and 10 
were significantly greater than 3.0 compared to 5 in Table I , but the 
other conclusions would be identical. 
The use of multiple regression models to avoid some of the errors in 
the logarithmic transformations (Zar 1968) has the disadvantage of not 
relating to a simple geometric principle characteristic of the allometric 
equation. Since volume (and thus weight of fishes which must remain at 
a fairly constant specific gravity) varies as the cube of any linear 
measurement if the shape remains the same , the deviation of slope from 
3 .0 is a measure of change in shape with increased linear measurement. 
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C O O P E R ,  E .  L . ,  H .  H I D U ,  a n d  J .  K .  A N D E R S O N .  1 % 3 .  G r o w t h  a n d  
p r o d u c t i o n  o f  l a r g e m o u t h  b a s s  i n  a  s m a l l  p o n d .  T r a n s .  A m .  F i s h .  S o c .  
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